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ABSTRACT

During 1993, 149 bull trout Salvelinus confluentes, were collected in the
Rapid River wupstream trap. Upstream mgration appeared to coincide wth
temperatures Z10°C.and falling hydrograph follow ng peak runoff. W surgically
i mplanted 32 bull trout with radio tags during 1993. Four of six spawners radio
tagged in 1992, that we nonitored during winter 1992-93, returned to spawn in
1993.

We could detect no mmjor changes in spawning sites selected by the fish
tagged on three different dates in 1993. Thirty-one percent of the radio tagged
bull trout <450 nm total length, did not nmigrate upstreamto the spawni ng areas.
W believe these fish are subadults which migrate out of the Salnon R ver but do
not spawn. Fall outnmigration of bull trout occurred in late Septenber and
Cct ober during 1993. Peak trap counts occurred as tenperatures dropped bel ow
10°C. Downstream trap counts indicated 53% and 79% of the tagged and untagged
bul | trout >300 mm survived through spawning to outmgration, respectively. Qur
study design has limtations, however, and these differences may not be as large
as the nunbers indicate. Bull trout overwintered primarily in the Salnmn R ver
from R ggins downstream to VWitebird, simlar to 1992. One fish noved downstream
114 kmto Ml oney Creek.
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I NTRCDUCT! ON

Bull trout Salvelinus confluentus were petitioned for listing under the
Endangered Species Act (ESA) in 1992. Wth the petition for listing has cone
i ncreased enphasis on collecting Iife history and stock status infornmation by
| and and popul ati on managerment agencies. Bull trout behavior and life history

patterns make detailed studies difficult (Schill et al. 1994). Low popul ation
densities of bull trout (Schill 1992) add to the difficulty of population
st udi es.

The use of radio telenetry can greatly inprove our ability to obtain life
history information. During 1992, a study was initiated on bull trout life
history in the Rapid River drainage (Schill et al. 1994). They used surgically
inmplanted radio tags to track spawning nmovenents and |ocations of Rapid River
fish and subsequent overwinter distribution in the Salnmn River. Tagged bull
trout spawned in four principal reaches, all in the 10 uppernost kil oneters of
t he drai nage.

Spawning nortality appeared quite heavy during 1992 (67% . Post-operative
survival for bull trout was 100% for 2-3 nonths after surgery. Follow ng
spawni ng, however, only 10 of 30 radio tagged fish outnigrated to the Sal non
Ri ver where overw ntering occurs. The authors could not determine if estinated
survival (33% was effected by tag shedding which has been reported for other
species (Sumrerfelt and Mosier 1984; Chisholm and Hubert 1985; Tyus 1988; Helm
and Tyus 1992).

It is also possible that the radio tags added to natural nortality factors.
If the use of radio inplants results in elevated nortalities of adult fish, the
trade-offs of increased life history know edge versus inpacts to popul ati ons nmay
not be acceptable, especially in very snmall populations (Schill et al. 1994).

During 1992, ldaho was in the fifth year of a continuing drought. Flows
reached all time |low discharges for recorded history. Radio tracking bull trout
provi ded valuable information on the timng and |ocation of spawning areas in
Rapid River. Bull trout did not spawn in sone of the tributaries and headwater
areas where suitable spawni ng substrate exists, however.

During 1993, we continued radio telemetry studies at Rapid R ver (Schill et
al. 1994) to estimate survival of bull trout spawners in the drainage. W tested
differential nortality between radio tagged and untagged bull trout 380 nm and
larger. W also utilized the second season of tagging to determine if bull trout
would utilize simlar or different spawning tines and locations with increased
di scharges present during 1993. Detailed results of this effort wll be
presented in a conpanion U S. Forest Service report.

Wil e several studies have addressed adult bull trout novenent (Schill et
al. 1994; Bjornn and Mallet 1964), little is known about mgration patterns of
juvenile bull trout in Idaho. Russ Kiefer (ldaho Departnent of Fish and Gane,
personal conmuni cation) and Rob Keith (Shoshone-Bannock Tribes fishery biologist,
personal comunication) have noted sone downstream novenent in the fall
i ncidental to anadronous fish trapping studies in Salnon and Cl earwater rivers'
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tributaries. Riehle and Wber (In press) docunmented |large juvenile bull trout
emgrations in Jacks Creek of the Metolius R ver system in Oegon. Their
trapping records indicate nost bull trout enmigrate in the April-June period
conpared to Septenber-Cctober. Know edge of outmigrant timng and fish size for
fluvial bull trout from natal tributaries to mainstem rearing areas is inportant
in wunderstanding threats to the species. These information and surviva
estinmates of outmigrating juveniles to spawning age will help us evaluate inpacts
from vari ous managenent acti ons.

OBJECTI VES

Research Goal: Provide sufficient life history data to maintain and restore
bull trout for trophy fishing opportunities.

1. To docunent timing and size of juvenile bull trout emgrants and begin
survival estinmates.

2. To assess winter movenent patterns and habitat used by adult bull trout in
Sal non River.

3. To estimate spawning nortality of bull trout in Rapid River
4., To determine the effects of surgically inplanted radio tags on bull trout
survival during spawni ng.

METHCDS

Rapid River is a fourth order tributary to the Little Salnmon River near
Ri ggins, ldaho (Figure 1). The study area is described in detail in Schill et
al. (1994).

Adult M gration and Taaai na

Rapid River Fish Hatchery personnel collected all upstream mgrant bul
trout at the adult chinook Oncorhynchus tschawtscha trap. The trap is adjacent
to an upstream migration velocity barrier. Al fish mgrating upstream nust pass
through the trap. Al bull trout were inspected for evidence of radio or floy
tagging from 1992 and total length was neasured to the nearest nillineter. W
trapped three repeat spawners from 1992 taggi ng studies. Al repeat spawners and a
subsanple of the fish captured for the first tinme were held at the hatchery for
implantation of radio tags (32 fish). The remaining bull trout were neasured and
rel eased into Rapid River upstream of the hatchery.

W tagged fish over a broader portion of the run than in 1992 to determ ne
if migration timng affected the location or timng of spawning. W tagged 11
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bull trout on June 16-18 and 10 fish each on June 28-29 and July 6-8. A repeat spawner
fromthe 1992 taggi ng study was retagged on July 21.

Handling of bull trout prior to and during surgery is described in Schill
et al. (1994). Radio tags and receivers were purchased from Advanced Tel enetry
Systens,"Inc. (ATS), Insanti M nnesota. Unique individual frequencies ranged
form 150.015 to 150.685 MHZ. Tags weighed 6, 10, and 20 g. Marty and Summerfelt
(1986) suggested linmiting transmtter weights to less than 2% of the fish's
weight. We weighed all bull trout considered for tagging and limted the ratio
of tag weight to fish body weight to 1.3% No fish I ess than 380 mm were tagged.

Sex ratio of the Rapid River bull trout run is unknown. We sexed bull trout
selected for radio tagging based on external characteristics including head and
jaw shapes, size of the adipose fin, and coloration of anal fin. During surgery,
prior to radio tag inplantation, we used a veterinary Popper otoscope with a
80 mm ear speculumto verify our external estimte of sex. Follow ng surgery
we floy tagged fish to nonitor radio tag expul sion and provide a visual tag for
a conpani on angl er exploitation study.

Downst r eam Tr appi ng

We constructed a picket-style weir at Rapid River Fish Hatchery to nonitor
downstream migrant sal nonids. W erected the weir on August 3 and operated it
t hrough October 22. The weir design consisted of a single wing, (23.5 m |ong),
angl ed downstreamto a 0.17 m (6 in) dianmeter intake pipe leading to a trap box
constructed of perforated nmetal. The trap box dimensions equalled 1.22 mx 0.6 mx
0.76 mwith a solid front face to provide calm water for captured fish. The
pi ckets were 1.7 cmin dianeter and spaced 1.3 cm apart. The weir was designed
to capture all fish over 300 nm and subsanpl e snall er sal noni ds.

Bi ol ogi cal data was recorded for all fish collected in the downstream trap.
Al fish collected were anesthetized using M5 222, identified, neasured to the
nearest mllineter (total length for bull trout and fork length for chinook
sal non Oncor hynchus tshawtscha and steelhead trout Oncorhynchus, nykiss), and
wei ghed to the nearest gram In an effort to determine if bull trout can shed
radio tags and survive, we exam ned all outmgrant bull trout >300 nm for |oss
of radio tags. If bull trout shed tags, we expected at |east sone would survive
and have one of the following characteristics: 1) a floy tag, 2) a surgical
i ncision or antennae exit scar, or 3) a scar where the floy tag had been |ost.
W Passive Integrated Transponder (PIT) tagged (Pacific Management Fisheries
Council 1994) a portion of outmgrating juvenile bull trout 5300 nmand all adult
bull trout (>300 nm. Survival of these individuals wll be assessed by
interrogating all bull trout in future Rapid Rver runs with Pit tag detectors.
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Tagged versus Unt agged Conpari sons

We calculated nean condition factor (K = WL') for radio tagged, floy
tagged, and untagged bull trout captured in the downstream trap (Busacker et al.
1990). Condition factor was calculated for fish >--380 nm Calcul ated val ues
were multiplied by 10° for reporting purposes. W used a t-test to test
differences in condition factors of tagged versus untagged fish (Zar 1984).

We calculated the survival of bull trout x300 mmto the period follow ng
spawni ng when the fish migrate downstreamto the Salnmon River to overwinter. W
defined this survival to outmigration; its conplement is spawning nortality.
During 1992 and 1993, a portion of the radio tagged bull trout 380-449 mm in
length did not migrate to spawning areas in the headwaters of Rapid River. Based
on behavior we consider these fish to be subadults. During 1993, 4 of 13 (31%
radio tagged fish in this size group mgrated downstream of Rapid River Fish
Hatchery prior to the period of trap installation in early August. Al of these
fish survived to at least |ate Septenber, when nost bull trout had spawned and
conpleted their outmigration. W assuned behavior of small (<449 nmm), untagged
bull trout was simlar and adjusted the nunber captured in our downstream trap
upward by 31% W used a chi-square test (Zar 1984) to conpare outmgration
survival of tagged and untagged bull trout to the downstream weir. W then used
the Yates correction for a 2 x 2 contingency table.

Overwi nter Tracking

W conducted ground tracking of 14 radio tagged bull trout which nigrated
out of Rapid River into the Little Salnon and Salnon rivers to nonitor general
wi nter novenent patterns. We conpleted eight ground surveys from Cctober 10,
1993 through March 29, 1994. Aerial surveys on Cctober 21, 1993 and January 28,
1994 were used to locate fish mssing from ground surveys. W categorized the
habitat types utilized by fish at all locations as pools, runs, or riffles
(Sisson et al. 1982). W recorded fish locations in relation to |andmarks and
hi ghway mle narkers to determ ne novenent from prior surveys.

RESULTS

Adult M gration and Taggi ng

A total of 149 bull trout were captured during the 1993 spawning mgration.
The total lies within the range observed over the past 20 years but is just over
half the fish collected the past 3 years (Figure 2). The first fish were trapped
May 12, and upstream nmigration continued through August 17 (Figure 3). The run
peaked on June 29 with few fish entering the trap after August 4.

Upstream migration may be related to water tenperature and flows. Foll ow ng
a few sparse initial captures, the trap counts dropped to zero for 3 weeks.
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This period coincided with decreasing water tenperatures and a rising hydrograph
(Figure 3). Upstream migration resumed with a declining hydrograph and water
tenperatures rising to or above 10°C. Tenperatures of 10°C. occurred briefly in
May and again in June when fish were noving into the trap. Due to high water and
sedi rent | oading, the trap was closed from May 16-23, June 1-4, and June 7-9.
The velocity barrier prevented any bull trout from passing upstream during
periods of trap closure. Water tenperatures were less than 10°C during this
period and fish did not imediately enter followi ng the trap reopenings.

Four of six bull trout we tracked during the winter of 1992-93 fromthe 1992
spawni ng season returned to spawn during 1993. W suspect one of the two non-
returning fish was an unreported angler harvest. Thus, the rate of repeat
spawni ng was 66-80% depending on the nunber of fish alive at tine of upstream
mgration. One of the repeat spawners was harvested in the tribal fishery in
Rapid River and no information other than tag nunber was recovered.

Upstream migrating bull trout ranged in size from 180 to 600 nm and averaged
406 mm The 1993 sanple of radio tagged fish under-represented snamller bull
trout in the adult mgration (Figure 4). Radio tag weights averaged 0.96% (range
0.5-1.3% of the total fish weight in the 32 fish tagged (Appendix A).

We | acked confidence in our ability to accurately sex bull trout either by
external characteristics or by internal inspection with the otoscope. Wth the
fish 1-3 months from spawni ng, the external sexual dinorphisnms were not clearly
devel oped. The presence of pyloric caeca and fat tissue in the body cavity of
bull trout rmade internal identification of the sex organs difficult, especially
on nal es. The speculum on the otoscope was 80 nm | ong. Looking through the end
of the speculum nade identification of organs difficult w thout physically noving
them with a probe. Probing too close to the kidney to find sex organs with the
specul um or a separate probe could result in injury. W discontinued use of the
ot oscope for sex determinations after the second surgery period.

Downst r eam Tr appi ng

Downstream migration of juvenile bull trout began in early Septenber and
continued sporadically through Cctober 20 (Figure 5). Peak nunbers of fish were
col l ected Septenber 22-23 when daytine high water tenperatures declined bel ow
10°C. Bull trout adult and juvenile timng at the weir were sinilar with the
first adults trapped Septenmber 21 (Figure 5). We observed adult and juvenile
bull trout staging above the hatchery intake dam and our trap prior to
Septenber 14. The peak entry into our trap facilities coincided with a
tenmperature drop of 4-5°C

W trapped a total of 323 bull trout in the downstream weir ranging in
length from 157 to 532 mm (Figure 6). We believe fish <300 mm were juveniles and
primarily age 2+ and 3+ (see Job 2A). W tagged 302 of the bull trout with PIT
tags. Since all adult bull trout mgrating up Rapid R ver are captured at the
velocity barrier, future detections of PIT tagged juveniles will be used to
estimate survival of rearing fish in the mainstem Salnon River. A record of Floy
and PIT tag data is provided in Appendi x B.
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Trap efficiency calculated for the entire trapping period for bull trout
<300 mm equal l ed 51.8% The estinmated number of bull trout outmigrants <300 nm
for August 4 through October 20 was 542 fish. W did not calculate confidence
intervals due to highly variable trap efficiencies, however, and this estimte
shoul d be viewed with caution.

In addition to bull trout, we captured 376 steel head trout parr, 6 chinook
sal mon parr, and 1 westslope cutthroat trout Oncorhynchus clarki lewisi. W PIT
tagged 288 steelhead trout parr for other Idaho Departnent of Fish and Gane
researchers. Qutmigrant tinmng of steelhead trout parr coincided with bull
trout.

Tagged versus Ont agged Conpari sons

Based on fish trapped at the downstream weir, radio tagged bull trout had
| ower survival rates conmpared to untagged bull trout (Table 1). We estinated
53. 1% survival (17 of 32 fish) for all size classes of radio tagged bull trout.
Survival ranged from 69.2% for the 380-449 mm length group to 42.1% for the
450 mm and | arger group. Based solely on trap captures, untagged bull trout
survived at an overall rate of 83.5% At least five fish we trapped as
outmgrants could not possibly have been part of the upstream count, however
(Figure 7). They were smaller (300-319 nm than fish noving upstream W made
a crucial error in not marking untagged upstream migrants. A corrected estimate
of wuntagged survival excluding these five fish is 79.1% (Figure 8). It is
possible that other fish in the untagged group are positively biasing the
estimate of untagged survival. Nonetheless, there was no significant difference
between the radio tagged and the untagged bull trout survival to outmgration
(P < 0.05).

Condition factors for bull trout with radio tags were |ower than untagged
fish {Table 1). W calculated a nmean condition factor of 0.739 for radio tagged
fish (n = 12) and 0.782 (n = 59) for untagged fish. The difference between the
nmeans was not significant (P < 0.05).

During 1993, only 17 of 32 radio tagged bull trout outmigrated from Rapid
River followi ng the spawning period in Septenber and Cctober. As in 1992, a high
percentage of the tags were retrieved from the stream corridor, generally
downstream of the spawning | ocation.

We did not observe any bull trout which had shed their radio tag and
survived to capture at the downstream trap. Al though nmost of the surgical scars
were well healed, they were readily visible. Al fish which we had radi o tagged
either retained the tag or did not survive to outm gration.

Overwi nt er Behavi or

O the 32 tagged bull trout, we believe 17 survived to reach the Little
Sal nron or main Sal non rivers. Anglers harvested two tagged bull trout in the
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Table 1. Survival and condition factor conparisons for radio and floy tagged (1_380 nm) versus untagged bull
trout (a290 mm in Rapid River, 1993.

Tagged Number of Nurmber of Adj ust ed Esti mat ed Mean
ver sus Size fish trapped Early fish trapped nunber of fish nmean condi tion
unt agged range (nm) __ novi ng upstream dropout? novi ng downstream novi ng downst r eanf survival _factor (K
Radi o and 290-379° 0 - - -
Pl oy tags 380-449 13 4 5 9 69. 2%
450+ 19 0 8 8 42. 1%
32 4 13 17 53. 1% 0.739
Unt agged 290- 379 50 15 26 41 82. 0%
380- 449 46 14 24 38 82. 6%
450+ 19 0 17 17 89. 5%
115 29 67 96 83. 5% 0.782

& Four out of 13 (31% radio-tagged bull trout 380-449 mmin |length dropped back prior to the spawning period.
W applied this dropout percentage to untagged fish in the 290-379 and 380-449 nm groups. No fish radio
tagged over 450 mm dropped back.

® Adj ust ed hi gher for known (radio tagged fish) or estimated (untagged fish) dropout.

° Due to size constraints, no bull trout 5379 mm were radi o tagged.
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Little Salmon R ver and one in the Salnon R ver. Three tagged fish could not be
foll owed because we lost signals shortly after the fish exited Rapid R ver. One
fish apparently died in the Little Sal mon River and provided no habitat data.

Most tagged fish noved into the Salnmon River within 2-3 weeks after exiting
Rapid River. Fish distributed thensel ves over a distance of 114 km downstream
of the nouth of Rapid River. Including novenent within Rapid River, the |ongest
di stance travelled by a tagged fish equalled 165 km

As in 1992 (Schill et al. 1994), fish overwintering in the Salnon R ver used
pool and run habitats. W nade 78 habitat use observations for 11 radio tagged
bull trout over eight surveys dates from October 10 to March 31. Sixty-four
(82% of the observations were in pool habitat types. The remaining 14 |ocations
were in run habitats.

Most overwi ntering bull trout showed strong site fidelity after entering the
main Salmon River. Individuals typically remained in the habitat unit they
sel ected after cessation of downstream novenent to a given point in the river.
Movenents of 0-100 m were noted between observation dates but these were
generally within a single habitat unit. One fish noved downstream 3+ km during
Decenber and then noved back to the sanme |ocation it was observed in Novenber.
A second fish noved downstream in Decenber and January. During March two fish
noved upstreamwith one entering Rapid River by March 31.

DI SCUSSI ON

During 1993, the increasing tenperatures occurred after peak discharge and
corresponded with a declining hydrograph (Figure 3). W reviewed trap counts and
tenperature data for years 1985 through 1992. In all but 1985 and 1989, a
general trend of increasing upstream trap counts occurred as day tinme high
tenperatures reached 10°C. |f available, historical flow data may be useful in
further quantifying the relationship between discharge, tenperature, and bull
trout novenent.

The presence of repeat spawners can greatly influence the reproductive
capacity of a fish population. Repeat spawning femal es are generally l|arger and
have nore eggs than first time spawners. During 1993, four of the seven bull
trout nonitored through the fall and winter from 1992 radio tagging returned to
Rapid River. One of the remmining three fish was harvested by an angler. A
second tag signal disappeared from nonitoring during the nmiddle of the steel head
trout season. We suspect it was al so harvested due to the strength of the signal
and location in a preferred steelhead trout fishing hole prior to signal |oss.
Al t hough the sample size is very snall, a high proportion of bull trout in the
Rapid River population appear to spawn in consecutive years. |In Jack Creek,
tributary to the Metolius River in Oregon, trap records indicate adfluvial bull
trout repeat spawn in consecutive years (Ratliff et al 1994). Fl uvial/Anadronous
bull trout stocks in the Skykomsh River in Puget Sound are considered
consecutive year spawners (Curt Kraener, Wshington Departrment of WIldlife,
personal communication). Allan (1980) docunented consecutive year spawning in
three separate tributaries of the Clearwater River, Al berta, Canada.
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Approxi mately 50% of the adfluvial adult bull trout in Flathead Lake are believed
to be alternate year spawners (Fraley and Sheppard 1989), but successive year
spawni ng has al so been docunent ed.

Qutmigrant bull trout juveniles (<300 mm) were prinmarily age 2+ and age 3+
during fall 1993 (see Job 2A). W captured no age 0O and only one age 1+
juvenile. Due to high water, we could not trap Rapid River during runoff to
evaluate juvenile mgration during spring and sunmmer. Sheppard et al. (1984)
found nostly age 2+ migrants with | esser nunbers of age 3+ and age 1+ bull trout
em grating from Flathead River tributaries. Mvenent occurred primarily during
June and July. In ldaho and British Colunbia |akes, juvenile bull trout were
also found to emigrate fromrearing tributaries at ages 1+ to 3+ (Bjornn 1957
AQiver 1979; MPhail and Mrray 1979). MPhail and Miurray (1979) suggested a
bi nodal migration with primarily age 0 fish noving downstreamin the spring and
age 1+ and 2+ emigrating during the fall. R ehle and Wber (In Preparation)
found the nmajority of bull trout emgration in Jack Creek, Metolius River, were
age O fish during April, followed by a peak of age 2+ fish during May-July, with
an increase in age 0 fish again in August and Septenber. Juvenile bull trout
trapped in Rapid River during fall 1993 were generally larger (180-290 nm than
those reported in the above studies. East Fork Salnon River emigrants were also
smal l er (130-210) than Rapid River fish (see Job 2A).

The presence of a spring outmgration of juvenile bull trout in Rapid River
i s unknown. High water tenperatures in the Little Sal mon and main Salnmon rivers
provi de marginal sumer rearing habitat for bull trout. Spring and early sunmer
trapping would determne if a conponent of snaller, age 0 and age 1+ emigration
occurs. This data will likely be available from future steelhead studies in
Rapid River utilizing downstream screw traps. |If this style of trap can capture
juvenile bull trout with sufficient efficiency, a stock-recruitnment function
could be constructed for the stock. Since no such relation currently exists for
the species, we recomend that quantification of juvenile outmgrants be
attenpt ed.

During 1993, estinmated survival for radio tagged bull trout (53% conpared
to untagged adults (79% (Figure 7) was not significantly different (P < 0.05).
The small sanple size for tagged fish nmay have limted our inability to detect a
significant difference, if in fact one did exist (Peternman 1990).

Several problens exist in our conparison of survival for radio tagged and
untagged bull trout. Qur double tagging of fish (floy and radio tags) may
confound the conparison of survival estimtes. MFarlane and Beami sh (1990)
found a significant survival reduction for floy tagged sablefish Anopl oponsn,
finbria. W used floy tags for evaluation of radio tag |oss and for observation
of tagged fish on redds. W also evaluated angler exploitation using reward fl oy
tags in 1993. Double tagging may have adversely influenced survival of radio
tagged fish.

A second problemis the design of the picket spacing in the upstream chi nook
sal mon trap. Hatchery personnel suspect small (< 350 M) bull trout can pass
through these pickets. It is not known if these bull trout can then pass
upstream through the water control structure leading into the fish |adder. |If
smal |l fish can migrate upstream wi thout detection, then the nunber we used for
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untagged adults in the spawning run is too |low and our untagged survival estimate
woul d be positively biased.

Additional bias exists if bull trout >300 nm enmigrated from Rapid River for
the first time during fall 1993. W did not mark the untagged bull trout
rel eased upstream of the trapping facilities. Therefore, we would not be able
to distinguish first-tine outmgrants from upstream untagged fish during fall

t rappi ng.

Finally, we expanded the nunber of wuntagged bull trout 300-449 mm we
captured in the downstream trap by a 31% This equalled the percentage of radio
tagged bull trout 380-449 which dropped out of Rapid River prior to installation
of our downstream weir. We believe these fish may be subadults which do not
spawn. In expanding the observed nunber of untagged fish, we assune a sinlar
percentage of untagged and tagged bull trout noved downstream w t hout detection
at the weir. W assuned a simlar or higher nunber of fish 300-380 nm are also
subadul ts, and applied the 31% expansion factor to this group though we have no
radio nmonitoring data for fish of this size.

Al of the before nentioned design problems could result in an overestinate
for survival of untagged bull trout, and possibly contribute to the difference
in observed survival for radio tagged versus untagged groups. Cbviously, results
of our survival conparisons should be viewed with caution.

Addi tional data could be collected in 1994 to strengthen these results.
Survival of untagged adults could be tested by marking all upstream m grant bull
trout and operating a fall downstream trap. Such studies would answer questions
regarding outmigration of fish not handled in our upstream trap. Based on |ength
frequency conparison, some of the downstream nmigrants were clearly not included
in our upstream counts (Figure 8). For small sizes of adult bull trout we
captured nore downstream than upstream migrants. At l|least five fish outmgrated
which were not captured during upstream migration. This results in a positive
bias in the survival of untagged bull trout.

W observed a slightly lower condition factor for radio tagged versus
untagged groups of bull trout. The nmeans were not significantly different,
however. During a test of tag expulsion by hatchery rainbow trout we observed
significantly |lower condition factors (P < 0.05) in radio and floy tagged versus
control fish (Steve Elle, IDFG unpublished data).

O her researchers have docunented shedding loss of surgically inplanted
radio tags. Marty and Summerfelt (1986) docunented shedding through the
intestine and the body wall by channel catfish Ictalurus punctatus. Chisholm and
Hubert (1985) and Hel m and Tyus (1992) showed sinmilar tag |oss for rai nbow trout
Oncor hychus nykiss. M ke Faler (USFS, personal conmunication) observed only one
lost radio tag in spawning bull trout in the Lewis River. This was an adfl uvi al
popul ation and did not mgrate as far nor spend as long in the spawning tributary
compared to Rapid River. Phil Rhem (Al berta Environnmental Protection, personal
comuni cation) observed tag |losses from fluvial bull trout in dearwater R ver,
Alberta in 1992. He found two fish that lost tags and survived to capture as
repeat spawners in spring 1993.
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A major study objective was to deternmine if the 1992 spawning nortality
estimates were biased by the shedding of radio tags. During 1993, 17 of 32 bull
trout emgrated out of Rapid River follow ng spawming with radios intact. At the
downstream weir we did not observe any bull trout with surgery scars or a Ploy
tag which did not also have a radio tag. Such fish would have indicated survival
following tag expulsion during the 1992 spawni ng season. Based on our results,
the spawning nortality estimates from 1992 and 1993 are not positively biased
from tag expulsion. The highnortality estimates of tagged fish may result from
predation, scavenging of carcasses follow ng spawning nortality, or possibly from
tag-rel ated effects.

RECOMVENDATI ONS

1. Inprove our estimate of survival for untagged bull trout in Rapid R ver by
marking all wupstream migrants and follow up with outmgrant traps. Note
appearance of any untagged fish over 300 mm to clarify results of this
st udy.

2. Steelhead trout researchers plan to quantify steelhead trout recruitnent
from the Rapid River drainage over the next 5 years using screw traps.
Include trap efficiency and outnigrant estimates of bull trout in that
effort. A stock-recruit function could be constructed in the future.
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Appendi x A. Sizes of bull

trout and radio tags used in the Rapid R ver telenetry

st udy.

Fi sh Fi sh Radi o Tag %
Dat e Radi o I ength wei ght tag w. of body

t agged tag no. (nm (a) (a) Wi
06/ 16/ 93 150. 225 455 925 10 1.08
06/ 16/ 93 150. 145 448 1. 000 10 1.00
06/ 16/ 93 150. 165 476 1. 050 10 0.95
06/ 16/ 93 150. 135 507 1.225 10 0.82
06/ 16/ 93 150. 355 427 900 6 0. 67
06/ 18/ 93 150. 035 520 1.375 10 0.73
06/ 18/ 93 150. 015 478 1. 150 10 0. 87
06/ 18/ 93 150. 095 453 875 10 1.14
06/ 18/ 93 150. 294 476 1.125 10 0.89
06/ 18/ 93 150. 375 430 875 6 0.69
06/ 18/ 93 150. 274 475 1. 075 10 0.93
06/ 28/ 93 159. 305 395 616 6 0.97
06/ 38/ 93 150. 324 400 630 6 0.95
06/ 28/ 93 150. 315 414 640 6 0.94
06/ 28/ 93 150. 534 564 1. 790 20 1.12
06/ 28/ 93 150. 505 463 1. 085 10 0.92
06/ 29/ 93 150. 525 482 1.110 10 0.90
06/ 29/ 93 150. 545 506 1.375 10 0.73
06/ 29/ 93 150. 385 417 715 6 0.84
06/ 28/ 93 105. 565 490 1. 090 10 0.92
06/ 29/ 93 150. 585 473 1.195 10 0.84
06/ 06/ 93 150. 344 467 1.180 6 0.51
07/ 07/ 93 150. 605 441 800 10 1.25
07/ 07/ 93 150. 625 465 975 10 1.03
07/ 07/ 93 150. 645 467 950 10 1.05
07/ 07/ 93 150. 404 390 500 6 1.20
07/ 07/ 93 150. 422 397 535 6 1.12
07/ 08/ 93 150. 665 436 775 10 1.29
07/ 08/ 93 150. 445 383 575 6 1.04
07/ 08/ 93 150. 685 454 865 10 1.16
07/ 08/ 93 150. 463 383 500 6 1.20
07/ 21/ 93 150. 025 600 2.235 20 0.89
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Appendi x B.

PIT and floy tag data files for bull

trout captured at Rapid River,

1993.
1993 Scal e
Dat e Lengt h Wi ght Pit tag no. Fl oy taqg no. sampl e no.
09/ 06/ 93 198 0 7F7DOD7ECB
09/ 13/ 93 272 0 7F7D0OB7A04
09/ 13/ 93 242 0 7F7DOD607D 113
09/ 13/ 93 262 0 7F7DOD7370 123
09/ 13/ 93 232 0 7F7D0D6029 107
09/ 13/ 93 225 0 7F7DOD6C29 104
09/ 13/93 280 0 7F7DOD6079 133
09/ 13/ 93 285 0 7F7D0B651B 137
09/ 13/ 93 308 0 7F7DOD5C1C B1863 141
09/ 13/ 93 350 0 7F7D0B621D B1864 149
09/ 16/ 93 222 0 7F7DOD5B5F 99
09/ 17/ 93 253 0 7F7D0OB625E B1875 117
09/ 17/ 93 236 0 7F7DOD604A 108
09/ 17/ 93 234 0 7F7DOD5C39 109
09/ 21/ 93 433 676 7F7DOD5D3C R1913
09/ 21/ 93 244 108 7F7D0OB745C
09/ 21/ 93 429 605 7F7D0B6938
09/ 21/ 93 465 790 7F7DOC1657 B1873 185
09/ 21/ 93 203 84 7F7DOD6F62 85
09/ 21/ 93 487 885 7F7D0O0077F B1872 192
09/ 21/ 93 252 135 7F7DOD7A49 119
09/ 21/ 93 408 545 7TF7DOD6C7E B1871 172
09/ 21/ 93 207 76 7F7D0OB7366 86
09/ 21/ 93 435 690 7F7D0OD637C B1870 177
09/ 21/ 93 196 74 7F7D045030 81
09/ 21/ 93 212 78 7F7D0OD7321 92
09/ 21/ 93 199 64 7F7DOC1757 77
09/ 21/ 93 200 66 7F7DOD6E4E 83
09/ 21/ 93 198 62 7TF7DOA2B4A 78
09/ 21/ 93 454 750 7F7DOB6A7A B1869 181
09/ 21/ 93 252 125 7F7DCOD7 DOA 118
09/ 21/ 93 473 808 7F7DOD704A R1037 188
09/ 21/ 93 206 71 7F7DOB7755 88
09/ 21/ 93 460 760 7F7D0D6048 B1855 183
09/ 21/ 93 360 332 7F7D0OB7500 B1868 154
09/ 21/ 93 447 580 7TF7DOD612E B1867 180
09/ 21/ 93 403 583 7F7D0OD7366 B1866 170
09/ 21/ 93 222 86 7F7DOD5D7F 102
09/ 21/ 93 400 622 7F7D0B6267 B1865 168
09/ 21/ 93 470 820 7F7D0OB7354 B1827 187
09/ 21/ 93 330 305 7P7D0OB7635 B1828 142
09/ 21/ 93 337 295 7F7DCOD6A6C B1829 144
09/ 21/ 93 465 790 7F7D0OD7245 B1830 184
09/ 22/ 93 223 94 7F7DCD7DOB 100
09/ 22/ 93 211 78 7TF7DOD7537 94
09/ 22/ 93 204 68 7F7DOD5C18 89
09/ 22/ 93 232 100 7F7DOD607E 105
09/ 22/ 93 267 160 7TF7DOD7477 125
09/ 22/ 93 405 585 7F7D0OD5D56 B1831 171
09/ 22/ 93 210 72 7F7D0C1862 95
09/ 22/ 93 440 615 7TF7DOB7762 B1832 178
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Appendi x B. conti nued

1993 Scal e
Dat e Lengt h Wei ght Pit tag no. Fl oy tag no. sampl e no.

09/ 22/ 93 206 72 7E7DOD5EO06 90
09/ 22/ 93 232 108 7F7DOD7B3C 106
09/ 22/ 93 205 72 7F7D0B623E 84
09/ 22/ 93 229 96 7F7DOD7179 98
09/ 22/ 93 215 80 7F7DOD5D7E 91
09/ 22/ 93 212 78 7F7D086961 97
09/ 22/ 93 197 72 7F7D0OD6809 80
09/ 22/ 93 367 500 7F7D0OD6853 B1833 155
09/ 22/ 93 206 80 7F7DOD760F 87
09/ 22/ 93 183 52 7F7DOD7E09 73
09/ 22/ 93 196 64 7F7BOF506D 82
09/ 22/ 93 197 58 7F7B0A6504

09/ 22/ 93 228 100 7F780FQ0D7C 101
09/ 22/ 93 183 52 7F7BOF1101 74
09/ 22/ 93 218 92 7F7B08651C 93
09/ 22/ 93 188 54 7F7BOE5E27 70
09/ 22/ 93 196 60 7F7B115720

09/ 22/ 93 183 48 7F780F6D18

09/ 22/ 93 210 92 7F7BOF4654

09/ 22/ 93 213 78 7F7B093977

09/ 22/ 93 225 104 7F7B116469

09/ 22/ 93 214 82 7F78102C31

09/ 22/ 93 266 160 7TF7BOF664F 124
09/ 22/ 93 251 135 7TF7D7F5E40

09/ 22/ 93 215 88 7F780E5427

09/ 22/ 93 208 66 7F7BOF3A28

09/ 22/ 93 218 88 7F780E713B

09/ 22/ 93 198 70 7F7BOF1127

09/ 22/ 93 196 70 7F7B10162B

09/ 22/ 93 205 74 7F7BOESE6G4

09/ 22/ 93 400 420 7F7B101B29 B1834 167
09/ 22/ 93 210 76 7F7BOE3736

09/ 22/ 93 215 76 7F7BOE5A00

09/ 22/ 93 262 155 7F7BOF5F2A 121
09/ 22/ 93 468 740 7F7BOE4954 186
09/ 22/ 93 218 84 TF7D7F5447

09/ 22/ 93 208 74 7F7BOF6076

09/ 22/ 93 220 86 7F7BOE4715

09/ 22/ 93 432 630 7F7B08057B B1836

09/ 22/ 93 216 94 7F7B090112

09/ 22/ 93 263 165 7F780F7E52

09/ 22/ 93 222 72 7F7BOF3545

09/ 22/ 93 358 360 7F7BOF416A B1837 152
09/ 22/ 93 203 64 7F7BOE3EI A

09/ 22/ 93 250 130 7F7BOE7ACB 122
09/ 22/ 93 221 86 7F7BOE371D

09/ 22/ 93 278 175 7TF7BOF386F 132
09/ 22/ 93 234 107 7F780F483B

09/ 22/ 93 226 92 7F7BOF231B

09/ 22/ 93 282 180 7F7BOF1553 135
09/ 22/ 93 375 435 7F7810202B B1838 159
09/ 22/ 93 189 56 7F7D7F6954
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Appendi x B. conti nued
1993 Scal e
Dat e Lengt h Wi ght Pit tag no. Fl oy tag no. sanpl e no.
09/ 22/ 93 190 56 7F780F161E
09/ 22/ 93 215 80 7F7B101767
09/ 22/ 93 193 61 7F7B10085C
09/ 22/ 93 211 80 7F7B08435E
09/ 22/ 93 236 112 7F7BOF1D2B
09/ 22/ 93 277 190 7F7D7F6B66 131
09/ 22/ 93 207 72 7F7BOF0673
09/ 22/ 93 203 68 TF7D7F736A
09/ 22/ 93 216 94 7F7D7F6043
09/ 22/ 93 202 67 7F7B08660C
09/ 22/ 93 222 96 7F7BOE5B02
09/ 22/ 93 237 100 7F7BCE6GE2B
09/ 22/ 93 372 430 7TF7D7F6A01 B1839 158
09/ 22/ 93 355 310 7F7B10081B B1840 151
09/ 22/ 93 220 82 7F7B0OE5231
09/ 22/ 93 418 420 7F7BOF710E B1841 174
09/ 22/ 93 191 62 7F7BOE4061
09/ 22/ 93 206 76 7E7E100106
09/ 22/ 93 383 440 7TF7BOE637A B1842 161
09/ 22/ 93 195 64 7F7BOFOES6
09/ 22/ 93 220 90 7F7B077332
09/ 22/ 93 243 123 7F7BOF7741 114
09/ 22/ 93 228 101 7F7BOF3742
09/ 22/ 93 264 160 7F7BOE6256
09/ 22/ 93 248 140 TF7DIF737A 116
09/ 22/ 93 198 68 7F7BOE4D02
09/ 22/ 93 205 76 7F7BCE7A4E
09/ 22/ 93 242 112 7F7BOA7C24
09/ 22/ 93 205 70 7F7B116825
09/ 22/ 93 371 520 7F7B101950 B1843 157
09/ 22/ 93 251 135 7F7BOE4562 120
09/ 22/ 93 215 78 7F7D445933
09/ 22/ 93 208 69 7F7D7F6879
09/ 22/ 93 220 88 7F7BOE5S55E
09/ 22/ 93 206 78 7F7BOE6479
09/ 22/ 93 475 840 7F7BOE4F46 B1844 189
09/ 22/ 93 444 600 7F7D7F720B B1845 179
09/ 22/ 93 422 650 7F7BOF5D4D B1846 175
09/ 22/ 93 233 88 7F7D7F673C
09/ 22/ 93 282 195 7F7BOF584F 134
09/ 22/ 93 208 70 7F7BOE5865
09/ 22/ 93 476 810 7F7B083C79 B1847 190
09/ 22/ 93 228 100 7F7BOE6D68
09/ 22/ 93 270 185 7F780F162F
09/ 22/ 93 209 82 7F7BOF7C5B
09/ 22/ 93 253 150 7F7BOF531E
09/ 22/ 93 251 140 7TF7D7F613C
09/ 22/ 93 198 74 7F7BOE5408
09/ 22/ 93 290 228 7TF7BCOE4430
09/ 22/ 93 298 248 7F7BOF4133
09/ 22/ 93 345 364 7F780F0E65 B1848 147
09/ 22193 350 340 7F7B102C71 B1849 148
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Appendi x B. continued
1993 Scal e
Dat e Lengt h Wi ght Pit tag no. Fl oy tag no. sanmpl e no
09/ 22/ 93 298 237 7F78115E1B
09/ 22/ 93 359 380 7F7808727F B1850 153
09/ 22/ 93 297 220 7F7BOF7722 139
09/ 22/ 93 380 430 7F78116D21 B1826 160
09/ 23/ 93 216 88 7F7BOE793C
09/ 23/ 93 198 62 7F7B0OF0809
09/ 23/ 93 195 62 7F7BOE7F4A
09/ 23/ 93 210 86 7F7B0A2E11
09/ 24/ 93 245 126 7F7B102A6B
09/ 24/ 93 215 82 7F7BOF1958
09/ 24/ 93 218 68 7F7BOF0413
09/ 24/ 93 219 86 7F7BOF4C70
09/ 24/ 93 282 185 7F7BOF4570 136
09/ 24/ 93 198 70 7F7B11542C
09/ 24/ 93 221 87 7E780E3333
. 09/ 24/ 93 220 74 7F7BOE5C50
09/ 24/ 93 215 92 7F7BOF5346
09/ 25/ 93 220 88 7F7BOE790C
09/ 25/ 93 200 60 7F78101E19
09/ 25/ 93 229 100 7F7BOE4459
09/ 26/ 93 236 124 7F780E703A 110
09/ 26/ 93 242 110 7F7811663B
09/ 26/ 93 226 98 7F7BOF6FCC
09/ 26/ 93 224 92 7F78116258
09/ 26/ 93 248 118 7F7BOF752E
09/ 26/ 93 275 170 7F7BOF3775
09/ 26/ 93 259 148 7TF7BOF1A24
09/ 28/ 93 213 80 7F7BOF4833 96
09/ 28/ 93 198 62 7F7BOF1638 79
09/ 28/ 93 268 158 7F7D7F5E60 126
09/ 28/ 93 180 50 7F7BOE3027 75
09/ 28/ 93 243 122 7F78096E49 115
09/ 28/ 93 390 392 7F7BOE456C
09/ 28/ 93 232 116 7F7BOF1409
09/ 28/ 93 262 140 7F7D7FAB78
09/ 28/ 93 268 168 7F7808674C 127
09/ 29/ 93 223 62 7F7D7F584F 103
09/ 29/ 93 230 90 7F7BOAGF2A 112
09/ 29/ 93 386 420 7F7D7F526C B1861 162
09/ 29/ 93 184 54 7TF7BOF387E
09/ 29/ 93 392 524 7F7B0A0B65 B1876 165
09/ 29/ 93 355 367 7F780E4CA1 B1899
09/ 29/ 93 235 112 7F7BOE5752 111
09/ 29/ 93 262 130 7F7BOF372A 128
09/ 29/ 93 274 180 7F780E7F51 130
09/ 29/ 93 499 916 7F78087368 B1911
09/ 29/ 93 250 150 7F7D7F6059
09/ 29/ 93 240 116 7F78102831
09/ 29/ 93 226 106 7F7BOE567D
09/ 29/ 93 199 62 7F7811644F 76
09/ 29/ 93 249 130 7F7809226D
09/ 29/ 93 42 124 7F7BOF7045 145
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Appendi x B. conti nued
1993 Scal e
Dat e Lengt h Wei ght Pit tag no. Fl oy tag no. san®l e no.

09/ 29/ 93 333 286 7F7BOE306E WA726 143
09/ 29/ 93 219 88 7F7B0A7261

09/ 29/ 93 211 72 7F780F157C

09/ 29/ 93 268 170 7F7BOF255D

09/ 29/ 93 301 230 7F7BOF765B WA727 140
09/ 29/ 93 486 840 7F7B092B1E WA729 191
09/ 29/ 93 390 500 7F7B074245 WA728 163
09/ 29/ 93 367 450 7F7B090016 WA730 156
09/ 29/ 93 393 490 7F7D7F5F55 WA731 166
09/ 29/ 93 400 510 7F7B0F4430 WA732 169
09/ 29/ 93 496 935 7F7BOF511B WA733

09/ 30/ 93 219 80 7F7BOA0OD25

09/ 30/ 93 187 52 7F7BOF4139

09/ 30/ 93 231 100 7F7BOF046F

09/ 30/ 93 223 64 7F7B10296E

09/ 30/ 93 215 84 7F7BOE3C76

09/ 30/ 93 252 118 7F730E4F09

09/ 30/ 93 242 102 7F7B090729

10/ 01/ 93 212 76 7F7BOF0668

10/ 01/ 93 266 130 7F7BOF1401

10/ 01/ 93 242 118 7F7BOE7732

10/ 01/ 93 232 104 7F7BOE4256

10/ 01/ 93 210 80 7F7BOF7C6D

10/ 02/ 93 205 68 7F7B090304

10/ 02/ 93 217 86 7F7BOE4107

10/ 02/ 93 323 98 7F7B0F4106

10/ 02/ 93 184 52 7F7BOF1D23

10/ 02/ 93 195 58 7TF7BOF2Al 2

10/ 02/ 93 225 92 7F7BOF236D

10/ 02/ 93 244 122 7F7B115533

10/ 02/ 93 190 56 7F7B0OE4861

10/ 02/ 93 271 155 7F7BOE343F

10/ 03/ 93 532 940 7F7B101E7B B1917

10/ 04/ 93 197 64 7F7B080041

10/ 04/ 93 208 68 7F7BOE4B2A

10/ 04/ 93 237 102 7F7BOES590E

10/ 04/ 93 203 66 7F7B070221

10/ 05/ 93 190 60 7F7BOF5806

10/ 05/ 93 247 128 7F7BOF710A

10/ 05/ 93 167 36 7F7BOE357B

10/ 06/ 93 215 84 7F7B10147B

10/ 06/ 93 205 51 7F7B100324

10/ 06/ 93 234 104 7F7B10052D

10/ 06/ 93 208 72 7F7B087241

10/ 06/ 93 198 68 7F7B094905

10/ 06/ 93 207 86 7F7BOE6170

10/ 06/ 93 210 82 7F780F4939

10/ 06/ 93 230 98 7F7B115224

10/ 06/ 93 216 86 7F7B0OE5126

10/ 07/ 93 210 72 7F7D3F4C09

10/ 07/ 93 205 68 7TF7E693D4E

10/ 07/ 93 245 120 7F7D3F3849
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Appendi x B.

conti nued

1993 Scal e
Dat e Lengt h Wi ght Pit tag no. Fl oy tag no. sanpl e no
10/07/93 _ 236 104 7F7D3F6808
10/ 07/ 93 208 72 7P7D3E2C43
10/ 07/ 93 235 102 7F7D3F347B
10/ 07/ 93 230 104 TF7D2D5CA7
10/ 07/ 93 205 70 7F7E686C34
10/ 07/ 93 245 124 7F7D313766
10/ 07/ 93 245 112 7F7D3E1C5D
10/ 07/ 93 332 320 7P7D3E3140 WA740
10/ 07/ 93 360 390 7F7E686961 WA741
10/ 07/ 93 234 110 7F7D343D73
10/ 07/ 93 270 190 7TF7D3E1B32
10/ 07/ 93 502 940 7F7D3F6656 WA742
10/ 07/ 93 260 150 7TF7D3F2973
10/ 08/ 93 215 76 7F7D3E1412
10/ 08/ 93 200 74 7F7D3E347B
10/ 09/ 93 180 50 7F7D3E2801
10/ 11/ 93 195 66 7TF7D3E323A
10/ 11/ 93 343 324 7F7D3E3613 WA743 146
10/ 11/ 93 193 60 7TF7D3E253E
10/ 11/ 93 432 610 7F7D3E266D WA744 176
10/ 11/ 93 456 820 TF7D3F727C WA745 182
10/ 11/ 93 352 332 7F7D3F3932 WA746 150
10/ 12/ 93 207 76 7F7D3F3816
10/ 12/ 93 185 51 TF7D2C692F
10/ 15/ 93 200 66 7F7E686962
10/ 15/ 93 224 98 7F7D3E1BO8
10/ 15/ 93 222 98 7TF7D3E2B72
10/ 15/ 93 220 116 7F7D313879
10/ 15/ 93 255 168 7F7D3F7023
10/ 15/ 93 250 178 7TF7D3F6748
10/ 15/ 93 216 66 7F7D3E2D65
10/ 15/ 93 211 0 7F7D3E1B12
10/ 15/ 93 468 800 7F7D3F5A09 WA747
10/ 15/ 93 467 700 7F7D312F09 B1923
10/ 15/ 93 420 600 7TF7D3F6741 WA748
10/ 15/ 93 473 700 7F7D3F3852 WA749
10/ 15/ 93 405 460 7F7D3F6ATE B1906
10/ 15/ 93 344 380 7F7D31290C WA750
10/ 15/ 93 237 110 7F7D3E235A
10/ 19/ 93 255 169 7TF7E6A4ES4
10/ 19/ 93 240 160 7TF7D3F6746
10/ 20/ 93 233 123 TF7D3F742A
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ABSTRACT

We conpared age estinates from scales and otoliths for fluvial bull trout
Sal velinus confluentes from Rapid R ver and East Fork Salnon River (EFSR).
Analysis indicated faster growth at early ages conpared to other western streans.
Esti mates from scales and otoliths agreed in 75% of the 52 paired sanmples from
Rapid River and 57% of the EFSR sanples (n = 14). Aging from otoliths produced
hi gh percent agreenent between readers and |ower average percent error between
readers and between structures conpared to scales. Disagreenment between scale
and otolith estimted ages were never nore than 1 year. The slope of the
observed scale-otolith regression lines were not significantly different from a
hypot hetical 45° line representing 100% agreenment. Scales appear to provide a
basis for aging of Idaho bull trout stocks. Future PIT tagging and subsequent
nonitoring of known-aged fish should be done before scales are considered an
accurate aging structure, however. Priority should be given to incorporate bull
trout marking and nonitoring of known-age fish into other fisheries projects.
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I NTRCDUCT! ON

Very little is known of the life history of fluvial bull trout Salvelinus
confluentus in Idaho. Age determination is one of the nost inportant aspects of
fish population dynam cs (Ricker 1973; Beamish and MFarlane 1983). Numerous
met hods for aging fish exist: length frequency analysis, known age involving
mar k-recapture and analysis of bony structures (Mjkowski and Hanmpton 1983;
Everhart and Youngs 1981; MNew and Sunmerfelt 1978). W did not have the
opportunity to mark an adequate segnment of the study populations prior to our
study. Therefore, we used scales and otoliths for aging and conparison. A
limted nunber of aging studies have been conducted on bull trout in Idaho
(Schill 1991; Pratt 1985; Irving 1986; Thurow 1987; Corsi and Elie 1989). Mny
of the studies relied on snall sanple size and only one had a sanple size large
enough to allow an estimate of total nortality (Z2).

Most of the above studies have relied on scales as the sole aging structure.
In recent years, scales have been shown to be unreliable for aging several
species of char including |ake trout Salvelinus namaycush and arctic char
Sal veli nus arcticus (Baker and Timons 1988; Beani sh and MFarl ane 1983 and 1987;

Barber and MFarlane 1987; Power 1978). Schill (1991) reported consistently
ol der age estimates using otoliths conpared to scales in a limted sanple of
I daho bull trout. Schill (1992) reported conparable age determi nations for bull

trout fromLake Pend Oreille using otoliths, scales, and fin rays.

Accurate age estinmates are necessary to properly evaluate a fish stock. If
age estinmates are inaccurate, serious msmanagenment of the stock may result. The
concern in using scales for char usually lies in assigning ages to older fish;
they are often underesti nated (Barber and MFarl ane 1987; Power 1978).

Lack of wvalidation for any aging structure raises questions about the
reliability of age determ nations (Beanish and MFarlane 1983). A limted degree
of confidence is attained, however, by conparing age determ nations of several
structures for individual fish (Beam sh and MFarl ane 1983; Lorson and Marci nko
1990; MIls and Beamish 1980; Barber and MFarlane 1987). Percent agreenent
bet ween structures provides a nmeasure of conparison of two or nore structures.
Percent agreenment, however, only neasures whether an age agrees between
structures or readers. It does not neasure the nmmgnitude of difference in age
bet ween determinations or the nunber of age classes in the popul ation (Laine and
Monot 1991).

Average percent error (APE) (Beam sh and Fournier 1981) allows for conparison
of precision anong individual readers and/or structures. A snaller degree of
error between structures or readers results in nore confidence being placed on
the age estimates. Conpared with percent agreenent, the index of APE is a better
measure of precision because it takes into account the difference in age
determi nati ons and number of age cl asses.
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OBJECTI VES
Research Goal: Provide sufficient life history data to maintain and restore
bull trout for trophy fishing opportunities.
1. To estimate growth rates of bull trout stocks fromvarious |daho waters.

2. To determine the best structures for aging stocks of fluvial bull trout in

| daho.
METHCDS
Sanpl i ng
Rapi d Ri ver

W collected scales from 146 bull trout sanpled from angler creels and
traps adjacent to the Rapid R ver Fish Hatchery in 1992 and 1993 (see Job 1).
Scal e sanples were also taken from 30 fish collected by electrofishing in 1993
from Ganite Fork and Lake Fork, tributaries in the headwaters of Rapid R ver.
W collected otoliths from 24 of the sane fish.

Scal e sanples were taken fromthe left side of fish between the lateral |ine
and the posterior insertion of the dorsal fin. W stored scales in coin envel opes
with total Ilength, weight, and date of sanple recorded on the envel opes.
Ooliths were stored in a 1:1 glycerine/water solution. One hundred seventy-one
scale and 63 otolith sanples were suitable for aging, 52 of which were paired.
Fish in our sanple ranged from47-615 mmtotal | ength.

East Fork Sal non River

W sanpled bull trout fromthe East Fork Salnon River (EFSR) in a simlar
manner as Rapid River. W collected 86 scale sanples from fish nmoving upstream
past an anadronous hatchery trap in 1991. Shoshone-Bannock tribal biologists
coll ected 66 scale sanples at a downstream screw trap in 1993, |ocated downstream
of the satellite trap. Qoliths and scales were also collected from nine
juvenile fish in the upper East Fork Salnobn River and five in West Pass Creek,
a tributary. We collected paired structures froma spawning nortality in 1992.
O the total sanple, 144 scales and all 15 otoliths were suitable for aging;
there were a total of 14 paired sanples. Fish ranged from 134-721 nmm total
| engt h.
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Structure Preparati on and Agi ng

Scal es

We examined scales using a dissecting scope. A mninum of six readable
scal es were renoved and pressed on separate, |abeled acetate slides (Chilton and
Beam sh 1982). If six could not be found, as many as possi ble were used.

Scales were projected using a mcrofiche machine. Criteria we used to
identify annuli were crowding and/or crossing over of circuli (Chilton and
Beani sh 1982). Scales were read once by two readers and age was recorded. After
all scales were aged, estimates resulting in disagreenment were read jointly to
determine a final age (Lorson and Marcinko 1990). W digitized scal e annul us,
focus, and margin neasurenments on a Texas Instrunments Hi pad. Back cal cul ated
| engt hs-at -age were determ ned using the D SBCAL 89 program (M ssouri Departnent
of Conservation 1989). W used Texas Instrunents H pad Plus digitizing board to
record scal e neasurenments. W used 45 mmtotal length as the size at squanation
for back calculating length-at-age for scales (Pratt 1991).

OGoliths

Qoliths were surface aged using a dissecting mcroscope with reflected or
transmtted light (Chilton and Beam sh 1982). Qoliths were aged once by three
readers. Again, any disagreenent resulted in joint readings to determne a final
age. Annuli were neasured under reflected light using an ocular mcroneter wth
the mcroscope on high power. Annuli were identified by the presence of Iight
bands. These winter growh zones appeared dark under transmitted light (Chilton
and Beamish 1982). Back calculated lengths at age were determ ned using
Dl SBCAL89.

Structure Conparisons

Readers had no know edge of fish lengths or capture dates during the reading
of any structures. Paired structures were read independently of each other. W
graphically conpared age estimates from paired scale and otolith sanples from
both waters. A plot of scale age to otolith age should have a slope of 1.00 if
there is 100% agreenment (Lorson and Marcinko 1990; Barber and MFarl ane 1987).
Estimates of scale and otolith age were plotted and regression statistics
calculated. W tested a null hypothesis of no difference in age estinates
between structures by statistically conparing the regression slope to 1.00 (Zar
1984).

We determ ned percent agreement and the index of average percent error
bet ween structures and between readers. Percent agreement was cal culated as the
proportion of tines age estimates were the sane or within 1 or 2 years. W
cal cul ated average percent error as foll ows:
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Wher e:
R = Nunber of times each structure is aged.
ith age determination of the jth fish

the average age of the jth fish.

X
X

Mul tiplied by 100, this becones the average percent error of the jth fish.
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1y (1 X :
EDE DRSS @
Wher e:
N = nunber of fish aged.
RESULTS
Rapi d Ri ver

Age estimates in the sample ranged from 0-6. W encountered extensive
variability in age of simlar sized fish. W devel oped an age-length key based
on the larger scale sanple for 1992-93 (Appendix A).

Estimates of length-at-age (LAA) from scales generally exceeded those for
otoliths, although the two estinmates were simlar for each age group. LAA
estimates for scales ranged from 115 mmat age 1 to 466 mmat age 6 (Table 1).
LAA estimates for otoliths ranged from 8 nm at age 1 to 495 nm at age 6
Lengths at age 1 were based on sanple sizes of one and eight fish for scales and
otoliths, respectively.

Reader percent agreenent was higher for otoliths (83% than scales
(65% (Table 2). APE was nearly 50% | ower for otoliths versus scales. Both these
calculations, indicate a higher repeatability in results determned fromotoliths
conpared to scal es.

Scal e versus otolith conparisons provided the sanme age in 39 of 52 (75%
paired sanples (Figure 1)(Table 2). APE equaled 5.9% for scale versus otolith
ages. In the cases where estimates of scale and otolith age differed, the
difference was only 1 year (Figure 1). In the 13 cases of disagreenent in age
det erm nati ons between structures, otoliths indicated older fish 11 tines and
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Table 1. Conparison of

Ri ver.

back-cal cul ated |ength-at-age for bull

trout

from Rapid

Ages deternmined based on scale and otolith sanples collected
during sumer and fall 1993.

Age Cal cul ated nean total lenath (m at annul us
ar oun N 1 2 3 4 5 6
Scal es

I 19 87

Il 45 112 168

11 70 116 176 238

IV 23 134 201 275 342

Vv 10 127 185 252 324 409

Vi 3 119 180 245 309 385 466
Wi ght ed grand nean 115 178 247 334 404 466
Nunmber of fish 170 151 106 36 13 3
I ncremental growth 115 63 69 87 70 62

Qoliths

I 19 78

Il 6 68 125

11 18 92 152 206

IV 4 87 153 205 257

Vv 4 100 143 211 265 325

Vi 4 90 179 260 320 412 495
Wi ght ed grand nean 85 149 214 281 368 495
Nunmber of fish 55 36 30 12 8 4
I ncrenental growh 85 64 65 67 87 127
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Tabl e 2. Percent agreenment and average percent error (APE) for between reader
aging precision for bull trout using scales and otoliths in Rapid
Ri ver and East Fork Sal non River.

Per cent aar eenent
Wthin Wthin

Body of water Structure N Conplete one year two years APE
Rapi d Ri ver scal es 172 65 - - 7.6
otoliths 63 83 - - 4.4
scales vs otoliths 52
Reader 1 58 10.5
Reader 2 73 51
Reconci | ed? 75 100 100 5.9
East Fork Scal esP 142 62 7.3
Sal non River Qoliths® 15 74 3.3
scal es vs otoliths 14
Reader 1 57 7.7
Reader 2 79 3.9
Reader 3 50 6.9
Reconci | ed’ 57 100 100 7.3

2 When differences between readers existed, we jointly reviewed structure to
determ ne an agreed upon age.

® Two readers.

° Three readers.
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Figure 1. Comparison of scale/otolith ages for bull trout from Rapid River (H = hypothesized slope = 1.00,

C = calculated slope = 1.06).



scales indicated older fish twice. There was no statistical difference (P >
0.47) for the difference in the slope between the hypothesized |line of conplete

agreenment and the observed scale-otolith regression line.

East Fork Sal non Ri ver

Fish ranged from 134-721 mm total length and enconpassed age groups 1
through 7 (Table 3). We did not obtain a large enough sanple of otoliths to
estimate LAA as we did at. Rapid River.

LAA estimates for scales ranged from 124 mm for age 1 to 655 at age 7
(Table 3). Bull trout from EFSR grew faster conpared to Rapid River fish. Like
Rapid River, the fish sanpled in ESFR did not include any age O fish and few age
1+ bull trout.

Percent agreenment between readers for all conparisons equalled 62% and was
simlar to the estimte for Rapid River. Qolith percent agreenent was again
hi gher conpared to scales. EFSR otolith agreenent was |ower than Rapid River,
possibly due to the addition of a third reader. APE for Qoliths was | ower
conpared to scales (Table 2).

Scal e versus otolith conparisons provided the sane age in 8 of 14 paired
sanples in EFSR (Table 2). As in Rapid R ver, differences between otoliths and
scales did not exceed one year and APE equalled 7.3% For the linited sanple,
scal e ages exceeded otolith ages in four of six cases (Figure 2), which is
opposite the trend observed in Rapid R ver. The slopes of the hypothesized

(slope= 1.0) and observed (slope = 0.91) regression lines were not significantly
different (P > 0.50).

DI SCUSSI ON

Based on estimates of 115 to 124 nmmat annulus 1, bull trout in Rapid R ver
and EFSR grow nore rapidly than other western populations (Table 4). W are
concerned we missed the first annulus in our analysis. The criteria we used to
identify annuli were the same as those in past efforts, however (Karen Pratt,
K. L. Pratt Consulting, personal conmunication). W sanpled a single young of the
year bull trout 49 mmin I ength fromupper Rapid R ver during Septenber 29, 1993.
W could not find any scales on this fish. Depending on the time of scale
formation, Rapid R ver bull trout may not have time to lay down an annul us
following scale formation late in the season (Lentch and Giffith 1987; Mallet
1963). For cutthroat trout Oncorhynchus clarki (Lewensky and Bjornn 1983; Mall et
1963; Laakso and Cope 1956) this process results in high circuli counts to the
first annulus. We did not find this in our analysis but bull trout are a
different species. If we missed an annulus or these fish do not form an annul us
the first year, we have overestimated bull trout growh in both popul ations.
Additional efforts should be nade to docunent tinme of scale formation for bull
trout in the two study streans.
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Tabl e 3.

Back- cal cul at ed

| engt h-at-age for

bul |

trout

from East

For k Sal non

Ri ver. Ages deternined based on scale sanples collected sumer and
fall 1992 and 1993.
Age Cal cul ated nean total lenath (mm at annul us
group N 1 2 3 4 5 6 7
I 7 109
I 48 108 159
L1l 15 108 151 197
IV 33 143 209 289 381
\4 30 137 201 272 354 440
Vi 10 129 201 272 355 438 525
Vi 1 163 244 315 382 480 593 655
Wei ght ed grand nean 124 183 266 366 441 531 655
Nurmber of fish 144 137 89 74 41 11 1
Incremental growth 124 59 70 86 86 89 62
J2A T3
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Figure 2. Comparison of scale/otolith ages for bull trout from East Fork Salmon River (H = hypothesized
slope = 1.00, C = calculated slope = 0.91).



Table 4. Back-cal cul at ed

Shepard et al.

| engt h- at - age of

bul |

trout
(adapted from data in the follow ng reports:
1982; Goetz 1989; Pratt 1991; Thurow 1987.

from selected waters
Leat he and G aham 1982;

Wat er body 1 2 3 4 5 6 7
Sal non Ri ver Basin
Rapi d Ri ver
scal es 114 178 247 334 404 466
otoliths 85 149 214 281 368 495
East Fork Sal non Ri ver 124 183 266 366 441 531 655
Sout h Fork Sal non River 68 110 154 217 284
Met ol i us Ri ver Basin 72 130 196 290 433 633 821
Fl at head Ri ver Basin
Fl at head Lake
1963- 1981 68 130 204 292 384 472 567
1955 76 150 234 335 457 566 691
1963 71 140 208 323 452 594 724
Upper Flathead tributaries 72 108 140
M ddl e Fork Fl at head 48 97 174 286 389 484 575
Hungry Horse Reservoir
1953 and 1972 72 144 225 324 429 513 594
Koot enay Ri ver Basin
Lake Kookanusa 67 123 212 309 390 482 518
Toboggan Creek 48 99 165 229
W gwam Ri ver 64 114 176 385 476 557 668
Priest River Basin
Pri est Lake 71 114 183 310 424 516 605
Upper Priest Lake 66 102 155 239 358 462 546
Pend Oeille River Basin 91 164 272 403 497 578
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W did not have known aged bull trout to validate our estinated ages. High
percent agreenment or low APE for the aging structures provides a form of
validation. In Rapid River, we had 75% agreenent between scale and otolith age
determinations. This rate is simlar to Metolius Rver bull trout (Pratt 1991)
and Pennsylvania brown trout Salnp trutta in freestone streans (Lorson and
Mar ci nko 1990). However, in EFSR the percent agreenent only equalled 57% The
| oner percent agreenent may result from the snall sanple size (n = 14). The
small sanple size in both waters, particularly for older fish, limt our
conpari sons and resultant confidence in either structure, however.

H gh levels of precision can exist between structures and still not be
accurate in relation to the true age (Beam sh and Fournier 1981). In our study,
if both scales and otoliths fail to detect annuli at |ater ages, agreement

between the structures will not ensure our age estinmates equal true ages of bull
trout.

W only used surface aging of otoliths in this analysis. W intend to check
our otolith aging estimates with grinding and polishing, and crack and burning
met hods in the coming year. Although nore tinme consum ng, these nethods can
provi de greater resolution for older fish.

Baker and Ti mmons (1988), Beanish and MFarlane (1983 and 1987), Barber and
McFarl ane (1987) and Power (1978) indicate otoliths provide superior age
determi nations for char, especially for older fish. W observed no stati stical
differences in age estimates between the structures but reader precision was
hi gher for otoliths in both of our study streans. Based on our results and
Schill (1991), we would prefer to utilize otoliths for future aging.

For many depressed bull trout stocks, however, sacrifice of fish to extract
otoliths for aging will be hard to justify. Karen Pratt (K L. Pratt Consulting,
personal communi cation) and Shanye MacLellan (Nanaino Fish Aging Lab, personnel
conmuni cation) believe bull trout scales provided conparable results to otoliths
up to 6 to 8 years of age on two adfluvial stocks. Based on our data, we believe

scales can provide acceptable determnations of age in fluvial stocks. |If
recently adopted angling regulations (statew de catch-and-release for all bull
trout) result in older age-classes, scales will likely be unsuitable for ol der

fish based on other char studies cited above.

Because of the inportance of accurate growmh data for fish managenent
deci sions, age validation based on known-age fish should be commonpl ace (Beanish
and MFarlane 1983). On both Rapid R ver and the EFSR long-term hatchery
trapping provides an opportunity to easily examine marked bull trout over a
period of years. While conducting nmovenent and exploitation studies on Rapid
River, we collected and PIT tagged a total of 233 juvenile and 68 adult bull
trout. PIT tagged bull trout should provide a validation of scale accuracy over
a length range from 200 to 500 mmin the Rapid River popul ation over the next 1-
4 years as these fish return to spawmn. Al though the sanple size is nuch snaller,
Shoshone- Bannock tribal biologists are creating a simlar opportunity tagging
bull trout downstream migrants in EFSR Qher |daho Department of Fish and Gane
crews operating upstream and downstream trapping facilities on the sanme river
shoul d collect scale sanples and PIT tag all bull trout to provide additional age
estimates and validation of scale as aging structures.
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TEXT

RECOMVENDATI ONS

The wuse of scales for aging analysis for present Idaho bull trout
popul ations is an acceptable nethod. Managenent decisions nust recognize
scal e"agi ng probably underestinates age for older bull trout by at |east one
year, resulting in overestimates in growh rates and underestimates of tota
nortality.

New harvest regulations closed the harvest of bull trout effective January
1, 1994. Bull trout harvest restrictions may result in older individuals.
Conparative structure aging should be repeated in 3-6 years to ensure
accurate age and resultant nortality estinates.

Uilize PIT tagged bull trout in Rapid River and EFSR for age validation of
this study. Coordinate with other Department projects to ensure collection
of scale sanples and application of PIT tags to juvenile bull trout for
addi tional age validation in other |Idaho streans.
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Appendi x A. Percentage of fish by age and | ength based on scale analysis for bull trout,
Rapi d I%ver 1993.

RAPI D RI VER AGE KEY

Lenat h Aae 0 Aae | Aae 11 Aae |11 Aae |V Aae V Aae VI

80 100

90 33 67

100 100

110 100

120 100

130 100

140 100

150 100

160

170 100

180 100

190 100

200 75 25

210 89 11

220 20 80

230 36 64

240 29 71

250 25 75

260 100

270 100

280 33 67

290 100

300 100

310

320

330 50 50

340 50 50

350 14 57 29

360 33 67

370 100

380 100

390 25 50 25
400 16 50 34
410 33 67

420 100

430 50 50
440 100

450 50 50
460 50 25 25
470 75 25
480 50 50
490

500

510

520

530

540

550

560

570

580 100

e

P OOCOOOOOOCONARERNEPNFRPWOPRPWPAPWONNPOOPRLP,POUIOONRPRO OOOORFRPORNNNNOIWE, Z

JOB2A_AA

50



JOB PERFORVANCE REPORT

State of: |daho Nanme: River and Stream | nvestigations
Project No.: F-73-R-16 Title: Angler Exploitation of Rapid
Ri ver Bull Trout and Incidental
Harvest ~ of _Bull  Trout by

St eel head Trout Angl ers

Subproject No.: 11

Job : 2B
Study No.: IV

Period covered: April 1. 1993 to March 31. 1994

ABSTRACT

| estimted 1993 angler exploitation of the Rapid R ver bull trout
Sal vel i nus confluentes stock using radio and Floy tagged fish which survived
spawni ng. Exploitation was 16.7% for radio tagged and 17.5% for Floy tagged fish
during 1993-94. The majority of the 1993 harvest occurred in the Little Sal nmon
Ri ver follow ng spawni ng.

| utilized a postal survey of steelhead trout Oncorhynchus mykiss permt
hol ders to evaluate incidental catch of bull trout in steelhead trout fisheries.
Few anglers targeting steel head trout caught bull trout. Only 5.7% and 12. 3% of
the steelhead trout permt holders caught bull trout during fall and spring
seasons, respectively. Those steelhead trout permt holders who did catch bull
trout indicated they were fishing specifically for bull trout. Anglers
voluntarily released 82.5% and 88.2% of the bull trout captured during fall and
spring, respectively. Mst bull trout captured were less than 400 nm (71% and
only 4% exceeded 500 mm Idaho's trophy goal. The I|daho Departnent of Fish and
Ganme Conmission closed bull trout to harvest beginning January 1, 1994. The data
reported here can be used to evaluate limted harvest in the future. | conclude
harvest bag limts would have little effect on bull trout harvest by steel head
trout fishermen, but mininumsize limts could be an effective tool.

Aut hor :

Steven Elle
Seni or Fishery Research Bi ol ogi st
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I NTRODUCT! ON

Bull trout Salvelinus confluentus comonly inhabit cold, sterile waters and
mature at 5-7 years of age (Fraley and Sheppard 1989; Goetz 1989). Bull trout
are aggressive feeders and are easily caught. Oten harvest of bull trout occurs
before they reach sexual maturity (David Berry, Al berta Fish and WIldlife,
personal comunication). Thus, they are considered susceptible to overharvest
by sport fishing in the northwest United States and Canada (Boag 1987; Carl 1985;
Collins 1992; Curt Kraener, Wshington Departnment of WIldlife, persona
comuni cation). Conclusions on overharvest are generally based on |limted data,
however. Few estimates of exploitation (the proportion of the population
harvested annual ly) are available, either for Idaho or el sewhere in the northwest
(Cross 1985; Fraley 1985; MicDonald 1985; Carl 1985). These estimates are al
based on extrenely small sanple sizes. Accurate estimates of exploitation are
critical to evaluating sport fishing regulations. They allow the cal cul ation of
a natural nortality estimate when Z (total nortality) is known (Richer 1975).
Wthout estimates of exploitation and natural nortality, it is not possible to
predict the response of a stock to various angling regul ations.

During steel head trout Oncorhynchus nykiss fall and spring fishing seasons
bull trout populations overwinter in the main Salnmon River (Bjornn and Mall et
1964; Schill et al. 1994). Incidental harvest of bull trout during the target
steel head trout fishery occurs but the magnitude and |ocation of harvest is
unknown.

The capture of bull trout leaving Rapid River follow ng spawning (Job 1)
provi ded the opportunity to mark adult bull trout which overwinter in steel head
fisheries. | estimated bull trout exploitation in this fishery based on tag
returns. The statew de steelhead trout harvest survey database provided an
opportunity to survey incidental bull trout harvest by steelhead trout fishernen
and eval uate | ocations and nunbers bull trout caught.

OBJECTI VES
Research CGoal: Provide sufficient life history data to nmaintain and restore

bull trout for trophy fishing opportunities.

1. To determine the rate of angler exploitation on Rapid River bull trout and
estimate the effects on the popul ation

2. To determ ne the nmagnitude and spacial distribution of bull trout harvest in
st eel head trout fisheries.
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MVETHODS

Bul | Trout Exploitation

During operation of the outmgrant trap on Rapid River (see Job 1) we tagged
all bull trout =300 nmwith Ploy Tags (Dell 1968). Fish were collected fromthe
downstream trap, anesthetized with M5 222, neasured to the nearest nillineter
total length, and tagged with individually nunbered Floy tags. |daho Departnent
of Fish and Gane offered a $5.00 reward to anglers who returned Ploy tags. Tags
were stamped with reward information on the shaft. Internal radio tags used for
mgration tracking and spawning nortality estinates were present in 17 fish
following spawning. The radio tags each had a $25.00 reward printed on the
casing in addition to the Floy tags.

Exploitation was calculated as the proportion of tags at |arge returned by
anglers. One estinate was made based on 60 Floy tagged fish released at the
Rapid River weir from Septenber 13 through Cctober 20. Exploitation for Floy
tagged fish was estimated using angler tag returns, nonreport bias of 40%
(Nichols et al. 1991), and an estimate of 10% Floy tag |oss (Wil dman et al. 1991;
Greenland and Bryan 1971; Mioneke 1992). | <calculated a second estimte of
exploitation using the 17 radio tagged fish and a |ower non-report correction
(30% that has been reported for simlar value tags (Nichols et al. 1991).

W posted angler information signs along the Little Salnon and Sal non rivers
to inform anglers about reward tagged bull trout. We asked anglers to harvest
Floy and radio tagged fish only if they would normally do so. W did not
advertise the higher rewards for radio tags on the information posters because
we did not want anglers increasing harvest of bull trout due to the high reward.
We requested anglers report date, location, and tag nunmber with any tag return.
The signs directed anglers where to report the information. W nade news
rel eases in newspapers from Lewiston to Boise, Idaho to inform fishernen of the
bull trout study program and the reward tags.

Bul | Trout Harvest Estinmte

I conducted a post card survey to estimate the tenporal and spacial catch
and harvest of bull trout reported by steelhead trout anglers in Idaho. Surveys
were conducted for the 1992 fall fishery (Cctober 1 to Decenmber 31) in the Snake
and Salnon rivers. A spring survey (January 1 to April 30) also included the
Cl earwater River fishery. Idaho Departnent of Fish and Ganme annually conducts
a telephone survey of steelhead trout pernmt holders to estinate harvest

(McArthur 1992). | wused the steelhead trout survey data base to create a
subsanpl e of anglers who fished for steelhead trout during fall 1992 and spring
1993. | contacted these anglers by mail to evaluate their catch of bull trout.

An initial mailing was sent to the anglers 2 to 3 nonths followi ng the end
of the fall and spring steel head trout seasons. A second mailing was sent to
nonrespondents 2 to 3 weeks following the initial survey nmiling. An expansion
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factor was determined by dividing the steel head trout permt holders who fished
for steelhead trout by the nunber of bull trout survey responses. For the fall
1992 sanple, we had 897 responses returned from both mailings (sanple size =
1507) (Table 1). | estimated an expansion factor of 14.7 to derive bull trout
catch estimates from survey responses. | received 752 responses from 1, 347
mai lings for the spring 1993 sanple. The estimted expansion factor equalled
20.37 for the spring sanple period. | multiplied the results from the sanple
response by the appropriate expansion factors to estinate harvest by steel head
trout pernit hol ders.

The questionnaire contained four questions to evaluate incidental catch of
bull trout during steelhead trout fisheries (Appendix A). | asked anglers to
report total catch (kept plus released fish) by steel head trout nanagenment zone
(Appendi x B), size of bull trout caught by 200 nm length groups (200 to 600 nm,
and whether anglers caught bull trout by accident (incidental catch) or on
pur pose (targeted catch).

RESULTS

Bull Trout Exploitation

Initially, | calculated a m ninmum exploitation estimte based on confirned
angler returns. During 1993-94, 2 of 16 radio tagged bull trout were reported
as harvested by anglers. The mninmum exploitation rate for radio tagged bull
trout equalled 12.5% (95% C. L. = -4-29% (Table 2). Anglers reported harvesting
7 of 60 (11.7% of Floy tagged bull trout during the fall 1993 steel head trout
fishery (95% C.L.= 4-20% . A conbi ned estimate using both tag groups (n = 77)
was 11.7% (C. L. = 5-19%.

Use of non-response values from the Iliterature elevated observed
exploitation estimates. Using a 40% non-reporting bias and 10% tag |loss for $5
reward Floy tags results in an estimated exploitation rate of 17.5% For radio
tags non-reporting bias of 30% the exploitation estimte equals 16. 7%

A large percentage (89% of the reported harvest occurred in the Little
Sal non River shortly after the fish exited Rapid River (Appendix C). One angler
caught four tagged bull trout (keeping one) within 24 h of capture and tagging
at the downstreamtrap.

Bul | Trout Harvest Estinmte

An estinmated 936 (12.3% of the steelhead trout pernit holders (SHP) caught
bull trout during the fall 1992 steelhead trout fishery in the Snake and Sal non
rivers (Table 3). Estimated catch equalled 5,497 fish. SHP harvested 11.8% of

all bull trout caught during the fall fishery (646 fish). Twenty-seven percent
of the reported catch exceeded 400 mm (16 in) and 3. 9% exceeded 500 nm (Table 3).
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Table 1. Subsanple of steelhead trout tag holders used to estimate bull trout
catch in fall (Cctober 1 to Decenber 31) 1992 and spring (January 1 to
April 30) 1993 steel head trout fisheries.

SH permi t BT survey Not BT Angl er Expansi on
Season Hol der s? mai | i ng deliverable sanfle r esPonses factorP?
Fal | 1992° 22, 780 1, 507 61 1, 446 897 (62% 14.70
Spring 1993¢ 15,320 1, 347 82 1, 265 752  20.37

2Pernit holders who fished. 52.6%of spring tag hol ders.

b Expansi on factor provides expansion from sanple to popul ati on and accounts for
nonr esponse of bull trout sanple.

“Fall survey only covered Snake and Sal non rivers, 57.9% of anglers.

dSpring survey covered Snake, Salnon, and Cearwater rivers.
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Table 2. Confirned angler returns of bull trout >300 mmin the Little Sal non
and Salnmon rivers (Septenber 20 through Decenber 31). Fish collected
and marked during emigration fromRapid River follow ng spawni ng.

Type of Number of Tag Confirmed return
taa taas rel eased Ret ur ns?® rate (95% C. L.)
Radi o 16° 2 12.5% (-4 to 29%
Fl oy 60 7 11.7% (4 to 20%
Tot al 76 9 11.7% (5 to 19%

2 Returned by anglers for rewards.
P 17 Radi o-tagged fish survived past spawning - one tag confirmed out of fish in
Little Sal non River.
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Table 3. Estimated nunber of anglers catching bull trout, numbers caught, and
size distribution of the catch for Salnbn River and Snake River
steel head trout anglers during fall (COctober 1 to Decenber 31) 1992.

Esti mat e

Number that caught bull trout

ves 1,617 (12.3)

no 11,569 (87.7)
Esti mated bull trout catch

kept 646 (11.8)

rel eased 4,851 (88.2)
Esti mated bull trout caught by size class

200- 300 1,544

300- 400 mr 2.308

400-500 mr 1, 205

500- 600 mnmr 162

over 600 mm 44
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During the spring 1993 steelhead trout fishery, an estimated 876 (5.7% of
the SHP caught bull trout (Table 4). The spring questionnaire included
Clearwater River fishermen along with Snake River and Sal nbn River anglers.
Estimated bull trout catch equalled 4,196 fish with 733 (17.5% harvested. Fewer
spring anglers caught bull trout conpared to the fall fishery, but a higher
percentage of the bull trout were harvested. Simlar to the fall fishery, 33%
of the reported catch exceeded 400 nm and 4.4% of the fish exceeded 500 nm

Bull trout catch (total nunbers caught) by steelhead trout fishernen is
concentrated in the Salnon River with a |arge percentage occurring in managenent
zones 13, 14, and 15 (Table 5). The areas below the Little Salnon River (zones
10 and 11) also have a concentration of bull trout catch. Relatively few fish
are caught in the Snake and Clearwater rivers conpared to the Salnmon River
(Table 5). Catch in the spring fishery declined conpared to the fall fishery
with nmost of the reduction occurring in zones 13, 14, and 15.

Based on data from the survey for both fall 1992 and spring 1993, sone SHP
targeted bull trout. Nearly all of these anglers who targeted bull trout caught
at least one (Table 6). Conversely, few anglers who specifically fished for
steel head trout caught bull trout. There was a highly significant difference in
success rates between SPH fishing specifically for steelhead trout and those
targeting bull trout (P < 0.001).

DI SCUSSI ON

This study used reward tags voluntarily returned by anglers as an estinate
of angling exploitation. Sportsmen's return of animal tags has been docunented
at 30-40% for nonreward tags and bands (Henny and Burnham 1976; Folmar et al.
1980; Conroy and Blandin 1984; N chols et al. 1991). Cash rewards can reduce the
nonresponse bias. N chols et al. (1991) found a 30% nonresponse return of $25.00
and 40-50% nonresponse of $5-$10 reward duck bands. Zale and Bain (1994)
docunent ed angl er nonresponse of 35% for returning sinulated reward fish tags.
Nonresponse could be influenced by nmany factors. Anglers may keep tags as
menent os or good luck pieces (Butler 1962; Rawstron 1971). Anglers nay have
bel i eved they had done sonething wong by killing a radio tagged trout. As of
January 1, 1994, bull trout fishing was closed to harvest. Illegal harvest nay
have inhibited tag returns for fish caught after January 1.

Based only on angler tag returns, | calculated a mninmm exploitation rate
of 11.7% and 12.5% for Floy and radio tagged fish, respectively. Using the
nonresponse values fromthe literature, | estimate actual exploitation at 17.5%

and 16.7% for Floy and radio tagged fish, respectively. The values used for
nonresponse by anglers to turn in fish tags was 30% to 40% for tag values of $5
and $25, respectively (Nichols et al. 1991; Zale and Bain 1994).

W assuned Floy tag loss from study fish was 10% Studies have docunented
| osses of Floy tags between 11% and 42% (Wl dnman et al. 1991; G eenland and Bryan
1971; Miuoneke 1992; Edner and Copes 1982). Edner and Copes (1982) indicated tag
| oss increased through 2-3 years after application
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Table 4. Estimated nunber of anglers catching bull trout, nunbers caught and
size distribution of the catch for Salnobn, Snake, and C earwater
rivers steelhead trout anglers during spring (January 1 to April 30)

1993.
Estinate

Nunmber that caught bull trout

ves 876 ( 5.7)

no 14,442 (94.3)
Estimated bull trout catch

kept 733 (17.5)

rel eased 3,463 (82.5)
Estimated bull trout caught per size class

200- 300 nmr 1,752

300-400 mr 1.039

400- 500 mv 1,181

500- 600 mr 163

over 600 mm 20
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Table 5. Reported nunbers of bull trout kept and rel eased by steel head trout managerment zone for steel head
trout permt holders during fall (October 1 to Decenber 31) 1992 and spring (January 1 to April 31)

1993.
Fall 19922 Spring 1993°
Nunber Nunmber
Zone Locati on angl er s Kept angl ers Kept __ Rel eased
Rel eased
Snake River

1 Bel ow Sal non Ri ver 3 1 2
2 Sal non River to Hells Canyon Dam 1 0 1 1 2 0
Total s 4 1 3 1 2 0

C earwater River

3 Bel ow Orof i no Bridge 2 1 2

4 Above Orofino Bridge 1 0 1
5 North Fork Cl earwater River to Darr 2 0 18
7 South Fork Clearwater River to Dam 1 0 1
Total s 1 0 1 1 21

Sal nrbon Ri ver

10 Bel ow Whitebird Creek 4 3 5 2 10 14
11 Whitebird Creek to Little Sal mon River 11 5 17 3 0 8

12 Little Sal non River to Vineagar Creek 4 1 5
13 Vineagar Creek to South Fork Sal non Ri ver 7 6 21 2 1 3
14 South Fork to Mddle Fork Sal non Ri ver 32 11 10 6 0 16
15 M ddl e Fork to North Fork Sal non R ver 45 6 14 19 4 85

16 North Fork Sal non River to Lenmhi River 2 0 4
17 Lemhi River to Pahsinmeroi River 3 0 6 4 9 4
18 Pahsi meroi River to East Fork Sal nbn 5 7 13 4 3 5
10 /\_hn\ln Cact CAr |/_ Cal nmn Divar * " o
20 Little Sal non Ri ver 1 0 2 3 5 14
Total s 113 39 32 44 33 14
2 9

@ Survey for Snake and Sal non rivers only.
b Survey for Snake, Salnmon, and Cl earwater rivers.
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Tabl e 6. Percentage of survey steelhead trout permt holders who caught bull
trout stratified by the species of fish they were trying to catch

(targeting);
rai nbow trout,

BT =

bul |

trout;
cutthroat trout,

SH = st eel head-trout;

and O her =

and mount ai n whi tefi sh.

Fi sh species taraeted

Season Caught BT SH BT O her Chi -square probability
Fal | 87. 6Y 11. 6% 0. 8%
n = 897
No 100% 1% 0%
P < 0.001*
Yes 0% 99% 100%
Spri ng 94% 5% 0.5%
n = 748
No 100% 0% 0%
P < 0.001!
Yes 0% 90. 7% 9. 3%

L Hi ghly significant
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for lake trout Sal velinus namaycush. W used a nobre conservative rate due to the
short period between tagging and the majority of tag returns in fall 1993.

The estimated exploitation rates were sinmilar for both radio and Fl oy tagged
fish during 1993. After correcting for nonresponse bias and Floy tag |oss, the
two estinmates were still simlar. For the period of Septenber 20 to Decenber
1993 exploitation on Rapid River bull trout was probably in the range of 15-20%
During 1992, Schill et al. (1994) observed an angler exploitation of 15% for
radio tagged fish in the Salnon River. The sanple size was only seven fish and
no rewards were advertised, but the rate was similar to ours.

In this study, | only looked at the fall portion of angler exploitation.
If we assune harvest during the spring steelhead trout fishery and the upstream
mgration is simlar to the fall fishery period, it is possible angler

exploitation historically approached 30-40% for Rapid River bull trout. An
exploitation rate of 15% may not have linmited this bull trout population. If
exploitation did approach specul ated rates of 30-40% however, we nay see the
stock respond with increased nunbers and size of fish in the spawning run wth
restricted harvest.

Few studies have been designed specifically to evaluate bull trout
exploitation, but several authors have nade indirect approximtions. Fraley
(1985) used creel census and spawner escapements to approxinmate exploitation at
25% for the Flathead River in 1981. Cross (1985) used a sanple size of 24 marked
bull trout to derive an estimated exploitation of 30% for the |ower Flathead
River in 1984-85. Based on voluntary angler returns of Floy tagged fish with no
rewards, Allan (1980) estinated angler exploitation for fluvial bull trout at 19%
in the Cearwater River of Al berta, Canada during 1978.

Radio tracking results indicated nost bull trout resided in the Little
Salmon River for 1 to 6 weeks follow ng spawning during 1993. A large portion
of the harvest occurred during this period. Several anglers reported catching
multiple bull trout which were concentrated in the deeper pools. During 1992,
Schill et al. (1994) observed bull trout noved rapidly through the Little Sal non
River into the Salnon River. The difference nay be due to higher flows and
cool er tenperatures during 1993. Drought conditions resulted in historic |ow
flows in nost of ldaho during 1992. Conditions during 1993 nmay resenble nore
"normal " years, and high harvest rates in the Little Salnon River should probably
not be consi dered abnornal .

The bull trout harvest survey included the Snake, Salnon, and C earwater
rivers. Gven the large geographical area covered, relatively few bull trout
(646 during fall and 733 during spring) are harvested in the steel head trout
fishery (Table 5). W did not attenpt to estinate harvest by zone because of
smal | sanple sizes for each zone. Such harvest could be inportant to l|ocal bull
trout popul ations, however. For exanple, the approximate harvest estimate during
fall 1992 and spring 1993 for zone 18 (the Sal mon River from Pahsineroi Rver to
East Fork Salnon River) equals 163 bull trout. Again, no confidence lints are
possi bl e because of linmted sanple size. If accurate, however, this represents
a major portion of the spawning escapenent (approximately 100 fish) for the East
Fork Salnon River, one of the major recruitnent areas for this section of the
Sal mon River (Schill 1992). Recruitnment from other Salnon River tributaries
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upstream from the East Fork Salnmon River could supplenment the nunber of bull
trout in zone 18 and of fset harvest inpacts to the East Fork Sal mon River stock.

In the postal surveys we had 62% and 60% return of the deliverable
guestionnaires for the fall 1992 and spring 1993 seasons, respectively. |
assumed the respondents represented those who did not respond, and did not test
for nonresponse or recall bias. Babbie (1990) indicates a response rate of 60%
is considered good for analysis and reporting. The bull trout survey sanple was
taken from steel head trout fishernmen who indicated they had fished during the
steel head trout season in question. Therefore, we do not believe a response bias
exi sts based on nonrespondents not fishing. The potential still exists that
nonrespondents could be more or |ess successful in catching bull trout than the
respondent s.

My estinmates of bull trout harvest (646 fall 1992 and 733 spring 1993)
shoul d not be used as total estimates of bull trout harvest on these rivers. The
survey only included steelhead trout permt holders. Sone river sections are
open year around to trout fishing. Therefore, this is a mninmm estinmte of
hi storical harvest prior to catch and rel ease regul ati ons.

The fall 1993 steel head trout fishery represents an opportunity to coll ect
addi ti onal baseline data on harvest of bull trout prior to catch-and-rel ease
regul ati ons. These surveys are relatively inexpensive. The information
represents an opportunity to expand our know edge of possible angling inpacts on
bull trout, a species petitioned for listing under Endangered Species Act.

The I|daho Departnent of Fish and Game Conmission closed bull trout to
harvest statew de effective January 1, 1994. |f stocks rebound and this harvest
closure is ever changed, |daho Departnent of Fish and Game will need to know what
affects bag or size limts would have on bull trout harvest. Bull trout caught
incidental to steelhead trout fisheries are prinmarily released (88.2%in fall and
82.5% in spring). O the anglers who reported keeping bull trout, 28% kept three
or more fish for the entire census season. A bag limt would, therefore, provide
limted harvest reduction on bull trout harvest during steel head trout fisheries.
Assumi ng anglers accurately reported fish lengths, mninmm size restrictions
coul d provi de nanagenent options for future bull trout harvest (tables 3 and 4).
A 400 mm (16 in) or a 500 mm (20 in) mnimumsize lint wuld require the rel ease
of about 71% and 96% respectively, of all bull trout caught by steel head permit
hol ders. During 1993 only 6. 7% of the upstream migrating bull trout captured at
Rapid River exceeded 500 mm Gven present population size structures, |
conclude a 500 nmsize limt statewi de would protect a higher percentage of bull
trout fromharvest within fluvial and resident popul ations.

Wth restricted harvest regul ation changes in January, |daho joins Mntana,
Oregon, Washington, and Alberta, Canada in virtually elimnating bull trout
harvest. Oher agencies have often wused bull trout spawning surveys to
indirectly nonitor population response to regulations (Ratliff et al. 1994,
Fral ey and Sheppard 1989; Curt Kraenmer, Washington Departrment of WIdlife,
personal comuni cation). |daho Department of Fish and Ganme has the benefit of
several permanent salnon trapping facilities where we also capture bull trout
during upstream migrations. These facilities provide nore accurate data on bull
trout popul ation trends conpared to spawni ng surveys, especially for popul ati ons
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with limted nunbers of adults. The collection of detailed bull trout population
data should be a high priority for salnon trapping stations. Nunbers, size, and
timng data for bull trout captured at weirs will allow the |Idaho Departnent of
Fish and Game to nonitor popul ati on response to restricted harvest regul ations.
Scal e sanpl es should also be taken fromall bull trout collected at these weirs
(see Job 2A).

Bull trout catch data from the harvest survey can indirectly indicate areas
of bull trout overwi ntering. Areas of high bull trout catch include zones 10 and
11 (nouth Salnmon River to Little Salnmon River), zones 14 and 15 (Vinegar Creek
to North Fork Salnmon River) and zone 18 (Pahsineroi River to East Fork Sal non
River). | believe these areas correspond to major populations in Little Sal non
River and Slate Creek; South, Mddle and North forks Sal non River; and Yankee
Fork and East Fork Salmon River, respectively. Few fish were caught in the Snake
and Clearwater rivers, indicating fewer bull trout in these areas. An obvious
weakness of these observations is that the data may sinply reflect where
steel head trout fishernen fish. Steelhead trout angler distribution is affected
by distribution of steelhead trout and angler access to roadl ess river sections,
but | believe the data do help identify inportant overw ntering areas.

RECOMVENDATI ONS

1. The Idaho Departnent of Fish and Gane Conmission closed bull trout harvest
statew de effective January 1, 1994.

2. Include bull trout data collection for spawning nunber and size at all

salmon trapping facilities. This data will provide an ongoi ng eval uati on of
the new harvest restrictions.
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Appendi x A. Introduction and questionnaire used to assess bull trout catch
statistics for steelhead trout fishermen during fall 1992 and
spring 1993.

Dear Angler:

The I1daho Department of Fish and Gane is conducting a survey to estimate the
harvest of bull trout (Dolly Varden). In reviewing the status of bull trout
popul ations in |Idaho, we have found little information on angler harvest in our
large rivers. W need this information to manage |daho's native bull trout
popul ati ons.

Your name was selected froma list of steelhead tag holders as part of a sanple
group to help estimate the harvest of bull trout during the fall 1992 steel head
season (Septenber 1 through Decenber 31, 1992). Your response to the
questionnaire is inportant to help us estimate the nunber of bull trout caught
from each river section. Even if you did not catch any bull trout, your response
is still inportant to the survey results. Please help us by taking a mnute to
fill in the enclosed post card. To assist you in filling out the survey, a
description of river sections is located on the reverse side of this letter

Thank you for taking the time to respond to this survey. Your answers wll
i ncrease our know edge and help us to better nanage your fishery resources. |If
any questions should arise regarding this survey, please contact Tom MArthur at

t he above address or call (208) 334-3791

BULL TROUT QUESTI ONS FOR STEELHEAD POSTAL SURVEY

1. Did you catch any bull trout during the spring 1993
st eel head season?

Yes No
2. |If you caught bull trout:
Number Nunber St eel head
Kept Rel eased Section

3. Please list the nunber %Ey size) of bull trout you caught.

08-12 inches 16 inches
16- 20 inches 20- 24 inches
I arger than 24 inches
4. If you caught bull trout, were you specifically (please
check one):

fishing for steel head
fishing for bull trout
fishing for other species

Please fill in and mail. Thank you
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rivers.

Appendi x B. Steel head trout managenent zones for Snake,

d earwater, and Sal non

DESCRI PTI ON_OF RI VER SECTI ONS

1. Snake River, below Salmon River: Asotin,
Heller Bar, Grande Ronde, Lime Point, Captain
John Creek

2. Snake River, above Salmon River to Hells
Canyon Dam: Imnaha, Pittsburg Landing,
Doug Bar

3. Clearwater River, below Orofino Bridge:
Lewiston, Potlatch Cree, Hog Island, Lapwai
Creek, Myrtle Beach, Cherry Lane, Lenore,
Peck, McGill Hole, Pink House, Spalding Park,
Slaughterhouse, Cat Hole, Tepee Hole, KOA,
Bevenlins

4. Clearwater River, above Orofino Bridge:
Greer, Fish Hatchery Hole, Kamiah, Kooskia,
Five-Mile, Six-Mile, Miller Hole, Sawmill

5. North Fork Clearwater River from mouth
to Dworshak Dam, Ahsahka

6. Middle Fork Clearwater
River: Clearwater to Clear
Creek

7. South Fork Clearwater River:
Mt. Idaho Bridge, Miles Post 21

10. Salmon River, below whitebird Creek:
Cottonwood Creek, Graves Creek, Deep Creek,
Hammer Creek, Divide Creek, Rice Creek, Pine
Creek, Snow Hole, Slide Hole, Deer Creek
Bridge

11. salmon River, Whitebird Creek to Little
Salmon:
whitebird Creek, Silver Bridge on Time Zone,
Blackhawk Bar, Lucille, Slate Creek,
Skookumchuck, Race, Fiddle, John Day Cree,
Cchair Creek, Riggins Boat Ramp, Riggins

12. Salmon River, Little Salmon to Vinegar
Creek: wind River vinegar Creek, Luke and
French Creek, Spring Bar, Riggins, Hot
Springs, Allison Creek, Shorts Bar,
Partridge Creek
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13.

14.

15.

16.

17.

18.

19.

20.

Salmon River, Vinegar Creek to South
Fork: Sheep Ranch, Bull Creek, warren Creek,
Mann's Creek, South Fork Hole

Ssalmon River, South Fork to Middle Fork:
Mackay Bar, China Bar, Sabe Creek, Whitewater
Ranch, Corn Creek, Chamberlain Creek,
Buckskin Bills, Five-mile Creek, Bargamin
Creek, (Salmon Falls), Long Tam Bridge, Big
MalTlard Creek, Little Mallard Creek, Bear
Creek Hole, Smith Gulch

Ssalmon River, Middle Fork to North Fork:
owl, Pine, Spring Creek, Indian, Dump,
Panther Creek, Deadwater, Shoup, Colson
Creek, Rams Head Lodge, Dutch Oven, Cove
Creek, Newland Ranch, Trapper Gulch,
Ebenizier Flats

Salmon River, North Fork to Lehhi River:
Ramshorn, Salmon, Carmen, Lemmi, Fourth of
July Creek, Kriley, Red Bluff

Ssalmon River, Lemmi River to Pahsimeroi
River: E1lis Down to Lehmi, Pahsimeroi,
Dug oOut, Shoup Bridge, Wwilliams Lake,
Twelvemile Creek, Iron Creek, Hot Creek,
Cronks Canyon, Boat Hole, Sevenmile Creek,
Elk Bend, Midway

Salmon River, Pahsimeroi River to East
Fork: challis, warm Springs Creek, Bayhorse,
Morgan Creek, Chivers Access, Highway 93
Bridge

Salmon River, above the East Fork:

Basin Creek Down, Sunbeam Dam, Clayton,
Robinson Bar, Yankee Fork, Thompson Creek,
Squaw Creek, Stanley, valley Creek, Redfish
Lake Creek, Rough Creek, Holman Creek,
Deadmans Rock, Ranger Hole, Torreys

Little Salmon River: Rapid River, Pollock,
Stinky Hot Springs, Boulder Creek



Appendi x C. Angler tag returns of bull trout during fall 1993.

Taa Taa Dat e Known anCl er harvest
tvpe nunber Locati on captured capt ur ed ves no
Radi o 150. 385 Little Sal nron Ri ver unknown X

150. 375 Little Sal nron Ri ver 10/ 08 X

150. 422 Littl e Sal mon River 03/ 06 !

150. 324 Sal nron Ri ver 03/ 08-03/ 31 2

150. 355 Unknown unknown 8

150. 645 Little Sal mon River unknown 8

150. 445 Little Sal non River 09/ 28 X
Pl oy B 1866 Little Sal non River 10/ 22 X

A 730 Little Sal non River unknown X

B 1873 Little Sal non River 09/ 22 X

B 1868 Little Sal non River 09/ 22 X

B 1869 Sal nron Ri ver 09/ 27 X

B 1827 Sal mon River 10/ 09 X

B 1838 Little Sal non River 10/ 14 X

A 728 Little Sal non River 10/ 14 X

LAngl er said he found tag on a gravel bar. Does not agree with prior

observations. Possible illegal harvest.
2Fish alive and noving on March 8. Disappeared during intense ateel head
fishery. Possible illegal harvest.

3 Radi o signals disappeared shortly after fish exited Rapid River during period
other bull trout harvest occurred.
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